Background {#Sec1}
==========

The associated risk factors and prevalence for suicidal behaviors are diverse and are closely related to setting, measures, age groups, and different populations \[[@CR1]\]. When compared with younger people, elderly adults are at a higher risk of suicide in most countries \[[@CR2]\]. Concerning the risk of suicide, suicidal ideation (SI) usually plays an important role and paves the way to suicidal behaviors \[[@CR3]\]. The prevalence of SI varies among the elderly, ranging from 0.7% in elderly primary care patients \[[@CR4]\] to 26% in acute medically ill elderly inpatients \[[@CR5]\].

Several studies have revealed multi-domain factors related to SI or suicidal behaviors. Quality of life (QOL) has been found to be associated with the risk of SI or suicidal behaviors in the elderly \[[@CR6], [@CR7]\]. In psychological autopsy, most of the cases with suicide death had a wish to die (WTD) \[[@CR8]\], which was also found to be associated with all-cause mortality during five-year follow up in elderly primary care patients \[[@CR9]\]. Furthermore, there are other risk factors related to SI and suicidal behaviors, which include clinical depression \[[@CR5], [@CR10]--[@CR14]\], substance misuse \[[@CR13], [@CR15], [@CR16]\], poor perception of health \[[@CR11], [@CR17]\], financial problems \[[@CR12], [@CR14]\], relationship problem \[[@CR11], [@CR14]\], poor social support \[[@CR13], [@CR15]\], living alone \[[@CR18]\], marital status \[[@CR15], [@CR18]\], impaired cognition \[[@CR19], [@CR20]\], history of traumatic events \[[@CR1]\], and the burden of physical illness \[[@CR21]\].

More attention should be paid to elderly inpatients with physical illness because they are more likely to have a suicide attempt and suicide death because of old age, burden of physical diseases, and an increased concurrence of depression \[[@CR5]\]. Thus, to single out elderly inpatients with SI at an early stage and provide timely adequate treatment in a general hospital, may decrease rates of suicidal behaviors and related mortality \[[@CR5], [@CR22]\]. Although this issue is important, only a small number of studies have explored the prevalence and characteristics of SI in elderly inpatients with medical or surgical conditions. One study in Iran revealed a high rate of SI in 650 hospitalized physically ill elderly patients, among whom 21.6% expressed SI, and 14.9% had a moderate to strong WTD \[[@CR1]\]. In that study, regression models revealed that the presence of SI was significantly related to the history of traumatic events, length of hospital stay, severity of depression, and the level of social support. Another study in the UK also reported that a total of 36% had suicidal thoughts, and 22% expressed a WTD in 55 elderly patients who were admitted due to acute medical conditions \[[@CR5]\]. Pessimism, previous deliberate self-harm, the severity of depression, and use of antidepressant were found to be significantly associated with the SI in the univariate analysis. There were some limitations in these prior studies: (1) a small sample size and use of univariate analysis to investigate SI-associated factors \[[@CR5]\]; (2) a lack of exploration of QOL \[[@CR1], [@CR5]\], which seemed to play a role in SI among the elderly \[[@CR6], [@CR7]\]; (3) WTD and its related factors among inpatients with SI was yet to be explored; (4) there seems to be very few similar studies focusing on physically ill hospitalized elderly in the Far East, let alone in Taiwan.

Regarding the instruments for screening SI, the Department of Health in Taiwan has been using the 5-item Brief Symptom Rating Scale (BSRS-5), which has been found to present with good psychometric properties to identify psychiatric morbidity in medical settings or the community \[[@CR23]\], for suicide prevention programs on a large scale \[[@CR24], [@CR25]\]. The BSRS-5, which was designed for the early detection of minor mental disorders associated with depression and anxiety, is also a very useful tool to detect the presence of SI \[[@CR23], [@CR24]\]. It has been used by some hospitals for routinely screening inpatients with medical illness and people receiving regular physical check-ups. The proposed cut-off score of 5/6 for a total score of 5 items of the BSRS-5, which we called "model of 5/6 for BSRS-5" hereafter, was implemented to identify people with psychiatric comorbidity \[[@CR26], [@CR27]\]. In a case-control study for exploring suicide attempts in the elderly, those with BSRS-5 total scores greater than 5 were 17.8 times more likely to have a suicide attempt than those with scores less than or equal to 5 \[[@CR10]\]. A study recruiting hospitalized medical inpatients in Taiwan found that depression, inferiority, insomnia, and hostility in BSRS-5 were significantly related to the presence of SI \[[@CR24]\]. However, in that study, age distribution, such as mean, standard deviation or percentage across age groups was not specified, and subgroup analyses focusing on the elderly or comparisons between different age groups were not done. Hence, certain items of BSRS-5 in hospitalized elderly with medical or surgical conditions, remains unknown. Consequently, two important questions related to the BSRS-5 studies are worth exploring, i.e., (1) which items of BSRS-5 are predictive of SI in the physically ill elderly inpatients, and (2) is the predictive ability of a model made up of certain items of BSRS-5 in question 1 better than that of a model of 5/6 for BSRS-5? These answers may elucidate the most important factors related to SI for physically ill elderly inpatients and set up a parsimonious model to predict SI and build up more effective strategies mainly focusing on these characteristics to diminish rates of subsequent suicidal behaviors.

Thus, the aim of this study were: (1) to explore the prevalence of SI for physically ill elderly inpatients; (2) to find the association between QOL and SI; (3) to investigate the prevalence and the factors related to WTD; (4) to explore the association between the items of BSRS-5 and SI; (5) to find a parsimonious model predictive of SI from three models using items of the BSRS-5 as predictor variables, i.e., certain items of BSRS-5 significantly associated with SI obtained from multivariate regression models, a single variable of BSRS-5 total scores greater than 5 (model of 5/6 for BSRS-5), and all five items of the BSRS-5.

Method {#Sec2}
======

Study design and subjects {#Sec3}
-------------------------

Since 2007, for maximizing the nationwide use of BSRS-5, which was called "Mood Thermometer" as a tool for mental health and suicide screening in Taiwan, the Taiwan Department of Health has been proposing a multi-site suicide prevention program with sufficient grants to hospitals. The suicide prevention program required that each grant-aided hospital should submit a research project using BSRS-5 alone rather than other SI screening instruments such as Columbia Suicide Screening \[[@CR28]\] or Beck Scale for suicidal ideation (BSSI) \[[@CR29]\] to single out community residents or patients with SI; subsequently, the program demanded that each subsidized hospital should refer the interviewees whose BSRS total scores were greater than 5 or those with the presence of SI to psychiatrists for further treatment. This study was a cross-sectional design. It was aided by grants and was conducted between February and December 2012 in Mennonite Christian Hospital in Hualien County, which is a referral hospital for a large area in the east of Taiwan. Subjects were selected by a convenience sampling from various medical services. A total of 2199 participants who were screened from a large pool of 2300 hospitalized elderly patients participated in this study. All of 101 patients were excluded because of reasons as follows: using antidepressants (*n* = 54, 53.4%), refusing to participate (*n* = 19, 18.8%), being admitted to wards which did not belong to the units defined in the inclusion criteria (*n* = 11, 10.9%), patients with acute critical conditions unfitted for participation (*n* = 9, 8.9%), schizophrenia patients admitted to the psychiatric ward (*n* = 8, 8%). Information was obtained from both the patients and families on the third day after admission by well-trained interviewers. Inclusion criteria included: (1) patients who were admitted to medical or surgical wards other than oncology, hospice, psychiatric wards or intensive care units; (2) patients over age 65; (3) patients who were able to communicate with interviewers. Exclusion criteria included: (1) patients who used antidepressants or mood stabilizers before admission; (2) patients had difficulty in communication due to sensory problems, or had significant cognitive impairment such as delirium or dementia. Sociodemographic information was obtained regarding sex, age, educational level (uneducated, primary school, junior high school, senior high school, or above), marital status (married, unmarried, which included single, divorced, or widowed), living situation (living alone, living with friends, or living with relatives), economic status (good, fair, or poor), and perceived health status (good or poor). The study design was reviewed by the Institutional Review Board (IRB) of Mennonite Christian Hospital. All the subjects provided informed consent before this study began.

Measures {#Sec4}
--------

### Definition of suicidal ideation {#Sec5}

A question in BSRS-5, "Do you have any suicide ideation?" was supplemented at the end of the questionnaire. If the subject answered "Yes", then the presence of SI was confirmed.

### Quality of life {#Sec6}

To measure the QOL, the Taiwanese version of the World Health Organization Quality of Life-BREF (WHOQOL-BREF TW) \[[@CR30]\] was used to assess the global QOL of patients in medical settings. The WHOQOL-BREF TW includes 26 items (24 items that represent each of the 24 specific facets of the WHOQOL-100 and 2 global/general items). In addition, in the WHOQOL-BREF TW, two additional national items were generated and validated from the Taiwan version of the WHOQOL-100 \[[@CR31]\]. The factor structure of the WHOQOL-BREF TW includes 4 domains, i.e., physical (QOL-PHY), psychological (QOL-PSY), social relationships (QOL-SR), and environmental (QOL-ENV). For a given item or domain of the WHOQOL-BREF, a higher score indicates a greater level of quality of life.

### Wish to die {#Sec7}

For those who had SI, each one should be assessed for the presence of a WTD, which was obtained using item 2 of the Beck Scale for SI (BSSI) that is a 19-item rating scale designed to evaluate the risk of suicidal intention \[[@CR29]\]. We redefined item 2 in the BSSI, in which no wish or a weak WTD were categorized into a faint WTD (coded as 0), and a moderate or a strong WTD (MTS-WTD, coded as 1).

### BSRS-5 {#Sec8}

The severity of distress and psychopathology were measured using the BSRS-5 \[[@CR23]\] derived from the SCL-90-R \[[@CR32]\]. The participants were asked to rate symptoms on a 5-point scale: 0, not at all; 1, a little bit; 2, moderately; 3, quite a bit; and 4, extremely, and a total score was calculated for each participant. A higher BSRS-5 total score indicates poorer mental health. The full scale included the following five items of psychopathology: (1) BSRS-5 item 1(anxiety): feeling tense or keyed up; (2) item 2 (depression): feeling low in mood; (3) item 3 (hostility): feeling easily annoyed or irritated; (4) BSRS-5 item 4 (inferiority): feeling inferior to others; and (5) item 5 (insomnia): having trouble falling asleep. A variable of a total score of BSRS-5 greater than 5 was formed because it represented significant psychiatric morbidity for an individual \[[@CR26], [@CR27]\], and it was highly associated with suicidal behavior in the elderly \[[@CR10]\].

Cognitive function was assessed based on a Chinese version \[[@CR33]\] of the Mini-Mental State Examination (MMSE) \[[@CR34]\], in which the maximum score is 30, and a higher score indicates better cognition. Impaired cognition was defined for those who were uneducated and had MMSE scores less than 14, and the educated with the scores less than 24 \[[@CR33]\].

Statistical analyses {#Sec9}
--------------------

SPSS version 19 (IBM company) was used to conduct statistical analyses. The significance level was set at a value of 0.05 (two-tailed). The rule for the selection of covariates in multivariate logistic regression models was as follows: for avoiding multi-collinearity, the covariates selected to be placed in the regression models in this study should be tested with the analysis of correlation in advance; Spearman rho for either or both of the covariates which were categorical variables or Pearson correlation coefficient for both which were continuous variables, were obtained. If the value of coefficients between two certain explanatory covariates was greater than 0.7, then the correlation coefficient between the dependent variable with these two explanatory covariates was examined. The covariate with greater absolute value of correlation coefficient between it and the dependent variable was put into the regression model.

### Model 1: Multivariate logistic regression models to explore factors related to SI {#Sec10}

For the reduction in the number of variables in the regression models, the univariate analyses were firstly used to explore the association between variables of interest and SI. Subsequently, the variables with statistically significant differences between groups were put into two multivariate logistic models. In the following description of different models, "A" denoted that "some or all items of BSRS-5" were included in the model, and "B" indicated that the model included the variable of "BSRS-5 total score greater than 5".

#### Model 1A {#FPar1}

Model 1A included independent variables, such as five items of BSRS-5, age, gender, and other covariates with statistically significant differences between groups.

#### Model 1B {#FPar2}

In Model 1B, except for the variable of BSRS-5 total scores greater than 5, which replaced the BSRS-5 item 1 through 5, other variables were the same as those in the Model 1A.

### Model 2: Multivariate logistic models to explore the items of WHOQOL-BREF related to SI {#Sec11}

For the reduction in the number of variables in the multivariate regression analysis, if some domains of WHOQOL-BREF were found to be statistically significantly associated with SI in Model 1A or Model 1B, then all items of these domains would be compared using a univariate analysis. The WHOQOL-BREF items with significant differences between groups were put into Model 2A and Model 2B.

#### Model 2A {#FPar3}

The independent variable of Model 2A included the WHOQOL-BREF items with significant differences after the univariate analysis, the same demographic factors included in Model 1A, and the items of BSRS-5 significantly related to SI in Model 1A.

#### Model 2B {#FPar4}

In Model 2B, except for the variable of BSRS-5 total scores greater than 5, which replaced the items of BSRS-5 in Model 2A, all independent variables were the same as those in Model 2A.

### Model 3: Univariate logistic regression models exploring factors related to MTS-WTD in those who had SI {#Sec12}

Univariate logistic regression models were used to explore the association between covariates and MTS-WTD because we expected the number of patients with MTS-WTD would be small in those who had SI. Except for the individual sum of four domains of WHOOQOL-BREF, all variables in Model 1A and 28 items of the WHOOQOL-BREF were put into univariate models as covariates.

### Model 4: Comparison between different propensity score models of BSRS-5 predicting SI using Receiver Operating Characteristic (ROC) curve analysis {#Sec13}

To get a parsimonious model predicting SI, we used a propensity score model (PSM), in which multiple variables were included and formed a propensity score (PS) (the value was between 0 and 1); the coefficients of covariates of the PSM were obtained from a multivariate logistic model \[[@CR35]\]. The PS generated from different models was used as a state variable in the ROC curve analysis.

#### Model 4A {#FPar5}

The state variable in Model 4A was the PS generated from the PSM, which included certain BSRS-5 items found to be significantly associated with SI in Model 1A as predictor variables.

#### Model 4B {#FPar6}

Model 4B, i.e., the "model of 5/6 of BSRS-5", included a state variable, which was the PS generated from the PSM, and the covariate of BSRS-5 total scores greater than 5 as a predictor variable.

#### Model 4C {#FPar7}

In Model 4C, the state variable was the PS generated from the PSM, which included all items of BSRS-5 as predictor variables.

The difference in areas under the curve (AUCs) between each two models was compared \[[@CR36]\]. We think a good model predicting SI should meet the following conditions: (1) the sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and accuracy, i.e., five indexes of ROC should be all greater than or equal to 0.8; (2) If two models met criteria 1, and the difference in AUCs between them did not reach a statistically significant level, then a parsimonious model was selected.

Results {#Sec14}
=======

Demographic data {#Sec15}
----------------

The average age for all participants (*n* = 2199) was 76.4 ± 7.4. Male patients accounted for 55.4% (*n* = 1218). A total of 1195 (54.5%) were admitted to medical wards, in which most received the treatment from the team of pulmonary medicine (*n* = 276, 12.5%). For patients admitted to surgical wards (*n* = 908, 41.2%), most were under the care of general surgery (*n* = 249, 11.32%). Missed classification of ward accounted for 4.36% (*n* = 96). Table [1](#Tab1){ref-type="table"} presents the classification of subspecialty teams which took care of patients admitted to the general hospital. SI was found in 3.1% (68/2199) of the elderly, and 25.3% (557/2199) had BSRS-5 total scores greater than 5. Approximately one-fourth of participants with SI had a MTS-WTD (25.5%, 14/68). Sociodemographic variables are presented in Table [2](#Tab2){ref-type="table"}. Table [3](#Tab3){ref-type="table"} shows the results of the comparison of characteristics between those with SI and those without. There were statistically significant differences between the two groups in variables as follows: being unmarried, having poor economic status, perception of poor health, BSRS-5 item 1--5, BSRS-5 total scores greater than 5, physical domain of WHOOQOL-BRIEF(QOL-PHY), psychological domain of WHOOQOL-BRIEF(QOL-PSY), and environmental domain of WHOOQOL-BRIEF(QOL-ENV). Table [4](#Tab4){ref-type="table"} shows the illustration of different models in this current study.Table 1Classification based on medical or surgical wards for participants admitted to the general hospital (*n* = 2199)Classification of wardTeamnPercentageMedical ward--119554.3%Cardiology1677.59%Nephrology23310.59%Neurology2069.36%Gastroenterology24711.23%Pulmonary medicine27612.55%Infectious disease663.0%Surgical ward--90841.29%Neurosurgery1004.54%Urology24511.14%Orthopedics23510.68%Plastic surgery793.59%General surgery24911.32%Missed classification964.36%Table 2Participant characteristics and demographic dataVariablesMinimumMaximumMeanS.D.Age (years)--6510176.47.4Sex (n, %)Male----121855.4Marital status (n, %)unmarried----103847.2Education (n, %)Uneducated----84938.6Primary school----37417.0Junior high school----68831.3Senior high school or above----28813.1Living alone (n, %)Alone----42519.3Economic statusPoor----34115.5(n, %)Fair----167176.0Good----1878.5Perception of health status (n, %)Poor----128158.3Suicide ideation (n, %)----683.1BSRSTotal scores0173.73.0BSRS total score \> 5 (n, %)----55725.3Quality of life subdomainsTotal scores26.477.452.47.3Physical health5.119.412.52.5Social relationship6.020.013.52.2Environmental5.819.113.71.9Psychological6.019.312.92.3MMSETotal scores03021.16.2Impaired cognition (n, %)----85038.7Non-living alone: living with people including spouse, children, relatives, friendsUnmarried: current marital status including single, divorced, windowed*BSRS* Brief Symptom Rating Scale*MMSE* Mini-Mental State ExaminationTable 3A comparison of characteristics between those with suicidal ideation and those who were withoutVariablesSuicidal ideationNon-suicidal ideation*p*-valueAge (years)76.0 (7.9)76.4 (7.3)0.68Sex, male (n, %)32 (47.1)1186 (55.7)0.16Education (n, %)0.23Non-educated30 (44.1)819 (38.4)Primary school12 (17.6)362 (17.0)Junior high school14 (20.6)674 (31.6)More than senior high school12 (17.6)276 (13)Unmarried (n, %)41(60.3)997 (46.8)0.03Living alone (n, %)17 (25.0)408 (19.1)0.23Good economic support (n, %)40 (58.8)1395 (65.5)0.26Economic status (n, %)0.001 Poor25 (36.8)316 (14.8) Fair40 (58.8)1631 (76.5) Good3 (4.4)184 (8.6)Perception of poor health (n, %)56 (82.4%)501 (23.5)0.001BSRS total score greater than 5 (n, %)12 (17.6%)1630 (76.5%)0.001BSRS-5 item 1 (anxiety)1.54 (1.11)0.67 (0.89)0.001BSRS-5 item 2 (depression)2.19 (0.93)0.87 (0.95)0.001BSRS-5 item 3 (hostility)1.66 (1.16)0.62 (0.85)0.001BSRS-5 item 4 (inferiority)1.04 (1.2)0.20 (0.56)0.001BSRS-5 item 5 (insomnia)2.09 (1.04)1.14 (1.01)0.001QOL-physical health10.35 (1.19)12.53 (2.46)0.001QOL-psychological11.06 (1.83)12.85 (2.2)0.001QOL-social relationship13.07 (2.04)13.54 (2.15)0.07QOL-environmental12.51 (1.88)13.63 (1.87)0.001Impaired cognition21 (30.9%)38.9 (38.9%)0.18Comparison analyses were used to compare the difference in variables between those with suicidal ideation and those without using independent t-test or chi-square testUnmarried: current marital status including single, divorced, widowed*BSRS* Brief Symptom Rating Scale, *QOL* quality of life rated with the WHOQOL-BREFTable 4Illustration of different models in this studyModel 1: Multivariate logistic regression models exploring factors related to SI1A: Independent variables included age, gender, economic status, perception of poor health, unmarried, QOL-PHY, QOL-PSY, and five items of BSRS-5 item.1B: Independent variables included: variables were the same as those in the Model 1A except for the variable of BSRS-5 total scores greater than 5, which replaced the BSRS-5 item 1 through 5.Model 2: Multivariate logistic models exploring the items of WHOQOL-BREF related to SI2A: Independent variables included BSRS-5 item 2 (depression), item 4 (inferiority), item 5 (insomnia), and all items of QOL-PHY except QOL11 (feeling of bodily appearance) and QOL17 (level of daily activities).2B: Independent variables: all were the same as those in Model 2A except for the variable of BSRS-5 total scores greater than 5 replacing BSRS-5 item 2 (depression), item 4 (inferiority), item 5 (insomnia).Model 3: Univariate logistic regression models exploring factors related to MTS-WTD in those who had SIIndependent variables: variables in Model 1A and 28 items of the WHOOQOL-BREF except for the individual sum of four domains of WHOOQOL-BREF, i.e., QOL-PHY, QOL-PSY, QOL-ENV, QOL-SRModel 4: Comparison between different propensity score models of BSRS-5 predicting SI using ROC curve analysis.State variable in 4A-4C: propensity score from individual propensity score model4A: predictor variables included BSRS-5 item 2 (depression), item 4 (inferiority), and item 5 (insomnia)4B: predictor variable: the variable of BSRS-5 total scores greater than 54C: predictor variables included all five items of BSRS-5*SI* suicidal ideation, *BSRS* Brief Symptom Rating Scale, *WHOQOL-BREF* the World Health Organization Quality of Life-BREF, *QOL-PHY* physical domain of WHOQOL-BREF, *QOL-PSY* psychological domain of WHOQOL-BREF, *QOL-ENV* environmental domain of WHOQOL-BREF, *QOL-SR* the domain of social relationships of WHOQOL-BREF, *QOL* quality of life rated with the WHOQOL-BREF, *MTS-WTD* moderate to severe wish to die, *ROC* Receiver Operating Characteristic

Model 1: Factors related to SI in the multivariate analysis {#Sec16}
-----------------------------------------------------------

The correlation analysis found that QOL-PSY and QOL-ENV was highly correlated (Pearson correlation coefficient = 0.74). Finally, QOL-ENV was deleted because the Spearman rho coefficient between QOL-PSY and SI was − 0.139, the absolute value of which was greater than that between QOL-ENV and SI (Spearman rho coefficient = − 0.09). In addition to age and gender, all those variables with statistically significant differences between those with SI and those without in Table [3](#Tab3){ref-type="table"} were put into regression models. Table [5](#Tab5){ref-type="table"} shows the factors statistically significantly related to SI in different models.Table 5Multivariate logistic regression models exploring factors related to suicidal ideationIndependent variablesModel 1A^a^Model 1B ^b^AOR95% CIAOR95% CIAge1.0020.96--1.040.980.94--1.02Gender1.110.63--1.930.990.58--1.70Economic status (reference level = poor) Fair0.740.41--1.350.610.35--1.08 Good0.60.15--2.290.570.16--2.04Single1.440.80--2.581.420.82--2.48Perception of poor health1.140.55--2.361.080.54--2.15BSRS-5 total scores \> 5 (ref. level: ≤ 5)----9.36^\*\*^4.86--18.0BSRS-5 item 1(anxiety)1.250.93--1.68----BSRS-5 item 2(depression)2.15^\*\*^1.56--2.98----BSRS-5 item 3(hostility)1.220.91--1.64----BSRS-5 item 4(inferiority)1.62^\*\*^1.23--2.13----BSRS-5 item 5(insomnia)1.52^\*\*^1.13--2.05----QOL (physical health)0.84^\*^0.72--0.990.81^\*\*^0.69--0.94QOL (psychological)0.930.79--1.090.890.77--1.04^\*^*p \<* 0.05; ^\*\*^ *p \<* 0.01; *AOR* adjusted odds ratio, *BSRS* Brief Symptom Rating Scale, *QOL* quality of life rated with WHOQOL-BREF^a^Model 1A: independent variables included age, gender, economic status, perception of poor health, non-married, QOL-physical health, QOL-psychological, QOL-environment and five items of BSRS-5^b^Model 1B: except for BSRS total score greater than 5 which replaced five items of BSRS-5, other variables were the same as those in the Model 1A

### Model 1A {#Sec17}

Model 1A included independent variables as follows: age, gender, economic status, perception of poor health, non-married, QOL-PHY, QOL-PSY, and five items of BSRS-5 item. Model 1A revealed factors statistically significantly associated with SI as follows: BSRS-5 item 2 (depression) (OR = 2.15, 95% CI = 1.56--2.98), item 4 (inferiority) (OR = 1.62, 95% CI = 1.23--2.13), item 5 (insomnia) (OR = 1.52, 95% CI = 1.13--2.05), and QOL-PHY (OR = 0.84, 95% CI = 0.72--0.99).

### Model 1B {#Sec18}

In Model 1B, BSRS-5 total scores greater than 5 (OR = 9.36, 95% CI = 4.86--18.0) and QOL-PHY (OR = 0.81, 95% CI = 0.69--0.94) were statistically significantly associated with the presence of SI.

Model 2: Items of QOL related to SI {#Sec19}
-----------------------------------

Table [6](#Tab6){ref-type="table"} shows the items of WHOQOL-BREF that were related to SI. We put items of QOL-PHY into Model 2A and Model 2B because the scores of QOL-PHY were found to be related to SI in Model 1A and Model 1B.Table 6Multivariate logistic regression models exploring items of quality of life related to suicidal ideationIndependent variablesSuicidal ideation (*n* = 68)Model 2A for QOL related to SI ^a^AOR95% CI QOL Item 15 Mobility0.60^\*\*^0.42--0.85Model 2B for QOL related to SI ^b^ QOL Item 15 Mobility0.64^\*^0.46--0.90 QOL Item 16 Satisfaction with sleep0.62^\*\*^0.44--0.88^\*^*p \<* 0.05; ^\*\*^ *p \<* 0.01; *AOR* adjusted odds ratio*SI* suicidal ideation, *QOL* quality of life rated with WHOQOL-BREF, *BSRS* Brief Symptom Rating Scale^a^Multivariate analysis: dependent variable: suicidal ideation; independent variables included demographic factors as those in Model 1, BSRS-5 item 2 (depression), BSRS-5 item4 (inferiority), BSRS-5 item5 (insomnia) and all items of QOL-physical health except item 11 and item 17-daily activities which was highly correlated with item 15-mobility (pearson correlation coefficient = 0.73) causing multi-collinearity. Only significant QOL variables were presented in this table^b^Multivariate analysis: except BSRS total score greater than 5 which replaced BSRS-5 item 2, BSRS-5 item 4 and BSRS-5 item 5, all independent variables were the same as those in the Model 1A. Only significant QOL variables were presented in this table

### Model 2A {#Sec20}

Model 2A included the same demographic factors as those in Model 1A, BSRS-5 item 2 (depression), item 4 (inferiority), item 5 (insomnia), and all items of QOL-PHY except QOL11 (feeling of bodily appearance), which did not have statistically significant associations with SI in the univariate analysis, and QOL17 (level of daily activities), which was highly correlated with QOL15 (mobility) (Pearson correlation coefficient = 0.73). The QOL17 was deleted in Model 2 because the Spearman rho coefficient between the QO15 and SI was − 0.11, the absolute value of which was greater than that between QOL 17 and SI (spearman rho coefficient = − 0.09). Model 2A revealed that QOL15 (mobility) was statistically significantly associated with SI (OR = 0.60, 95% CI = 0.42--0.85).

### Model 2B {#Sec21}

In Model 2B, except for the variable of BSRS-5 total scores greater than 5, which replaced BSRS-5 items 2, 4, and 5, all independent variables were the same as those in Model 2A. The Model 2B revealed that QOL15 (mobility) (OR = 0.64, 95% CI = 0.46--0.90) and QOL16 (satisfaction with sleep) (OR = 0.62 95% CI = 0.44--0.88) were statistically significantly associated with SI.

Model 3: Factors related to MTS-WTD {#Sec22}
-----------------------------------

Table [7](#Tab7){ref-type="table"} presents the factors significantly related to MTS-WTD among participants with SI. A univariate model was used rather than a multivariate model due to a small number of participants with MTS-WTD (*n* = 14), which might result in a low statistical power if a multivariate model were used. The results of Model 3 showed that living alone (OR = 4.44, 95% CI = 1.24--15.87), QOL 26 (absence of negative feeling) (OR = 0.38, 95% CI = 0.15--0.98) and QOL 27(being respected/accepted) (OR = 0.43, 95% CI = 0.20--0.92) were statistically significantly associated with MTS-WTD among inpatients with SI.Table 7Univariate logistic regression models exploring factors associated with a moderate to strong wish to dieIndependent variablesModerate to strong wish to die ^a^ (*n* = 14)Living alone4.44^\*\*^1.24--15.87QOL Item 26 Absence of negative feeling0.38^\*^0.15--0.98QOL Item 27 Being respected/accepted0.43^\*^0.20--0.92^\*^*p \<* 0.05; ^\*\*^ *p \<* 0.01*QOL* quality of life rated with WHOQOL-BREF^a^Univariate analysis: dependent variable: a moderate to strong wish to die; independent variables included all demographic factors, i.e., age, gender, economic status, economic resources, perception of poor health, single, living alone, impaired cognition, five items of the BSRS-5 and the variable of BSRS-5 total scores greater than 5 as well as QOL item 1--28

Model 4: Comparison between different models of BSRS-5 predicting SI {#Sec23}
--------------------------------------------------------------------

Table [8](#Tab8){ref-type="table"} shows the results of comparison between different models predicting SI.Table 8Comparison of indexes of receiver operation characteristic curve between different modelsModel△AUCAUCSENSPCPPVNPVAccuracyModel 4A^a^△A-C0.880.830.800.810.830.82Model 4B^b^△A-B^\*^0.790.820.760.770.810.79Model 4C^c^△B-C^\*^0.880.820.820.820.820.82*AUC* area under curve, *SEN* sensitivity, *SPC* specificity, *PPV* positive predictive value, *NPV* negative predictive value△AUC = difference in AUC between various models△A-B^\*^: significant difference in AUC between Model 4A and Model 4B(*p* \< 0.00001); △B-C^\*^: the same meaning as that of △A-B^\*^ (p \< 0.00001); △A-C: no significant difference in AUC between Model 4A and Model 4C (*p* = 0.785)^a^Model 4APropensity model:Y = 0.963\*BSRS-5 item 2 + 0.564\*BSRS-5 item 4--0.655\*BSRS-5 item 5 + 6.285*propensity score* = expY/(1 + expY);For a given individual, if the *propensity score* \> 0.0355, then the model was predictive of suicidal ideation^b^Model 4BBSRS-5 total score greater than 5 coded as 1, otherwise as 0Propensity model:Y = 2.72\*(BSRS-5 total score greater than 5)-4.911*propensity score* = expY/(1 + expY);For a given individual, if the *propensity score* \> 0.0539, then the model was predictive of suicidal ideation^c^Model 4CPropensity model:Y = 1.226\*BSRS-5 item 1 + 2.337\*BSRS-5 item 2 + 1.297\*BSRS-5 item 3+ 1.646\*BSRS-5 item 4--1.694\*BSRS-5 item 5 + 6.374*propensity score* = expY/(1 + expY);For a given individual, if the *propensity score* \> 0.0386, then the model was predictive of suicidal ideation

### Model 4A {#Sec24}

Model 4A used a PSM to get a PS, in which predictor variables included BSRS-5 item 2 (depression), item 4 (inferiority), and item 5 (insomnia); these three items were obtained from Model 1A. In this model, for a given subject, if the PS \> 0.0355, then it was predictive of SI.

### Model 4B {#Sec25}

In Model 4B, i.e., the model of 5/6 for BSRS-5, for a given subject, if the PS \> 0.0539, then it was predictive of SI.

### Model 4C {#Sec26}

Model 4C, in which predictor variables included all five items of BSRS-5, for a given subject, if the PS \> 0.0386, then it was predictive of SI.

Figure [1](#Fig1){ref-type="fig"} shows that the AUC of Model 4B was the least among three models. There were no statistically significant differences between the AUC of Model 4A and that of Model 4C (*p* = 0.785). However, the AUCs of both Model 4A and Model 4C were statistically significantly greater than that of Model 4B (*p* \< 0.00001). Regarding the indexes of ROC, the specificity, PPV, and accuracy in the Model 4B were all below 0.8. Conversely, five indexes of ROC of Model 4A and Model 4C were all greater than or equal to 0.8. In summary, Model 4A was the parsimonious model predictive of SI. In the BSRS-5, item 2 (depression), item 4 (inferiority), and item 5 (insomnia) were the most important items significantly associated with SI among the elderly inpatients in this study.Fig. 1Comparison of receiver operation characteristic curve between different models. Note. State variable in 4A-4C: propensity score from individual propensity score model. Model_4A: predictor variables included BSRS-5 item 2 (depression), item 4 (inferiority), and item 5 (insomnia). Model_4B: predictor variable: the variable of BSRS-5 total scores greater than 5. Model_4C: predictor variables included all five items of BSRS-5

Discussion {#Sec27}
==========

The prevalence of SI {#Sec28}
--------------------

Our study found that the 3.1% of the elderly hospitalized patients with medical or surgical conditions had SI. Notably, the prevalence of SI in the current study was much lower than those of prior studies, i.e., 36% in the UK \[[@CR5]\] and 21.6% in Iran \[[@CR1]\]. The inconsistency might be explained by the following reasons. First, there were differences in the instruments assessing SI, i.e., the BSSI in both studies \[[@CR1], [@CR5]\] vs. the item 6 of BSRS-5 in this current study. One of the former studies used the total scores of 19 items of the BSSI; SI was coded if the total score for an individual was greater than 4 \[[@CR1]\]. However, in this study, every interviewee was asked a present-tense-question: "Do you have any suicide ideation?" The definition of SI out of yes/no is different from those of the former studies. In addition, patients in the former studies had acute physical conditions, yet in our study, participants included acute or subacute patients who might be admitted for elective procedures, such as elective gastroscopy or elective operation. Finally, the discrepancy in the prevalence might be partly accounted for by the various sample sizes among three studies, i.e., 55 \[[@CR5]\], 650 \[[@CR1]\], and 2199 in our study.

Primary analysis of factors including demographic variables, BSRS-5, and four domains of QOL related to SI {#Sec29}
----------------------------------------------------------------------------------------------------------

Our study also found depression, inferiority, insomnia in BSRS-5, and the sum of physical domain of QOL were significantly associated with SI. As our result indicated, depression is a major determinant of SI or suicidal behavior among elderly people in the community \[[@CR6], [@CR10], [@CR13]\] or inpatients \[[@CR1], [@CR5]\]. Although insomnia is highly associated with depression, after adjustment in the regression model, it was still significantly associated with SI. This finding is compatible with that of a study which found that poor sleep increases the risk of SI, but only among people with no or one mental health condition \[[@CR37]\]. Total sleep time is an important predictor of suicidal behavior that requires particular attention \[[@CR38]\], and changes in insomnia drive subsequent changes in suicidal ideation \[[@CR39]\]. Therefore, it is important for physicians to detect insomnia as a sign of suicidal behavior, regardless of which illness a patient may suffer from \[[@CR40]\]. Of interest, our study found that inferiority, which is seen as a lack of covert self-esteem \[[@CR41]\], was correlated with SI in elderly inpatients. This finding is compatible with that of a study which found that low self-esteem was associated with suicidal intent, independently of the severity of depression \[[@CR42]\]. A study recruiting 2964 community members also found that low self-esteem is one of the major risk factors related to SI \[[@CR43]\], and another study revealed that low self-esteem and low sense of self-efficacy may lead to a suicide attempt \[[@CR44]\]. Two other studies in elderly inpatients \[[@CR1], [@CR5]\] revealed that factors related to SI were use of antidepressants, previous deliberate self-harm, pessimism, length of hospital stay, history of traumatic events, the level of social support, and the presence of depression, which was found to be a major determinant of SI in many studies \[[@CR6], [@CR10]--[@CR14]\]. While clinical depression was found to be a common factor related to SI in previous research and this study, the dissimilarity of the results between both prior studies \[[@CR1], [@CR5]\] and current one may be caused by various sample sizes of inpatients identified with SI and different variables in the analysis, for example, the physical domain of QOL which was not explored in the other two studies but seemed to play a role in the presence of SI in our study.

The association of QOL and SI {#Sec30}
-----------------------------

Our finding is consistent with that of a study that revealed that a lower level of QOL was correlated with SI in the elderly \[[@CR6]\]. A study that enrolled 4506 adults in the community aged 60 or above indicated an inverse relationship between the levels of QOL with SI \[[@CR7]\]. After adjustment for covariates, our study found that the physical domain of WHOQOL-BREF was correlated with SI among elderly inpatients. In addition to "satisfaction with sleep", further analysis indicated "mobility" was the major determinants of QOL associated with SI. A large survey of 8500 adults over the age of 65, which found a moderate limitation in usual activities caused by arthritis and renal failure increased the risk of suicidal ideation and suicide attempt, supports our findings \[[@CR45]\]. Additionally, a systematic analysis has shown the association between physical illness/functional disability and suicidal behavior \[[@CR46]\].

Clinical implication based on the analysis of items of BSRS-5 and QOL-PHY related to SI {#Sec31}
---------------------------------------------------------------------------------------

In short, the analysis of all factors revealed that depression, inferiority, insomnia in BSRS-5, and mobility in QOL-PHY were associated with the presence of SI. On the basis of findings from our study and prior research, it is important to screen elderly inpatients with depression, insomnia, or feelings of inferiority to others, and provide support for exploring the potentially effective treatment of these conditions to lessen the risk of SI and subsequent suicide attempt. In addition, it is necessary to remind the medical staff to improve the mobility and activities for physically ill elderly inpatients, particularly when they have presented with aforementioned BSRS-5 risk factors for SI. It is suggested that a suicide-intervention support team be setup in the hospital, especially focusing on inpatients with mobility limitations. Early screening and adequate intervention, such as using mobility aids, providing transport assistance, maximizing involvement in recreational activities, and arranging rehabilitation programs or surgical procedures improving mobility, such as arthroplasty for this population, are expected to decrease the suicidal ideation and suicidal behavior in the future.

Related factors of MTS-WTD in patients with SI {#Sec32}
----------------------------------------------

Among the elderly receiving primary care services, the prevalence of WTD was 6% \[[@CR47]\]. Most strikingly, WTD was found to be associated with 5-year mortality independently of depressive status in the elderly in primary care patients who had a WTD without depression still had a higher mortality rate than those without WTD \[[@CR9]\]. In other similar studies, the prevalence of inpatients with WTD seemed to be much lower than those with SI \[[@CR1], [@CR5]\]. Different from the analysis of prior studies, which evaluated the prevalence of all participants, our study, which revealed that 25.4% of patients with SI had a WTD, only assessed the presence of WTD for suicidal ideators. A study exploring the motives for suicide found that suicide attempts could be categorized into WTD and wish to change (WTC); the WTD group rather than the WTC group had a higher risk for suicide death \[[@CR48]\]. Based on the observation of prior studies and our finding that only one-fourth of suicidal ideators had a MTS-WTD, it is reasonable to postulate that suicidal ideators who had a WTD might have a higher risk for subsequent suicidal behavior than those who had SI alone, although this hypothesis was not tested in the current study.

Our univariate analysis found that living alone, the level of negative feeling, and the level of being accepted/respected were associated with MTS-WTD in participants with SI. This observation is in accordance with that of a prior study, which revealed that depression and pessimism were related to WTD in medically ill elderly inpatients \[[@CR5]\]. Likewise, other studies support our finding: the status of living was associated with suicide in the elderly \[[@CR18]\]; perceived sense of belonging, substantial support, self-esteem, and chronic interpersonal problems were correlated with SI \[[@CR49]\]; the factors related to WTD in the elderly were depression \[[@CR50]\], hopelessness \[[@CR51]\], social support, and subjective well-being \[[@CR52]\]. The significant association between WTD and three variables in our study, i.e., living alone, negative feeling, and feelings of being accepted/respected suggest medical staff take proper measure in time; that is, when elderly inpatients are found to live alone before admission, or to present with negative feelings, such as hopelessness or a sense of being abandoned, they should be evaluated for the presence of WTD. If the above factors related to WTD are confirmed in an individual, for the purpose of preventing suicide, it should be recommended that they consult a social worker to provide sufficient social support, or a psychiatrist for proper evaluation and treatment, such as prescribing psychotropic agents, referral for psychological counseling, or administering cognitive behavior therapy. It is worth noting that WTD is an important issue in terminally ill patients in palliative care, although we did not address this topic here. There were many reasons when patients expressed a WTD \[[@CR53]\]. It is of importance to broaden therapeutic options for suicide prevention and intervention by detecting the presence of WTD and appraising the motives for WTD statement in elderly inpatients.

Models of BSRS-5 predicting SI {#Sec33}
------------------------------

Our study showed that the PSM including depression, inferiority, and insomnia was a parsimonious model predictive of SI compared to the 5/6 for BSRS-5 model and the other model including all five BSRS-5 items. This finding has double meanings: (1) depression, inferiority, and insomnia are the most important items of the BSRS-5, explaining the variance of SI in the physically ill elderly inpatients; (2) the predictive value of a PSM made up of three items of BSRS-5 on SI is better than that of a model using a single variable of BSRS total scores greater than 5 alone; this implies that not all items of the BSRS-5 contribute equally or significantly to the presence of SI. Our result revealed that there was a significant association between three items of BSRS-5, i.e. depression, inferiority, and insomnia and the presence of SI. However, limited by the cross-sectional design of this study, it does not necessary mean that SI causes the presence of these three items; it could also be that depression, inferiority, and insomnia are the results of SI. Of note, this finding highlights a fact that these three items of BSRS-5 are important markers for patients with SI. It is necessary to screen elderly inpatients presenting with these items and to tailor specific interventions for maximizing the effectiveness of suicidal prevention under the limited resources. A further implication is to use the PSM, including three items of the BSRS-5, to single out those with SI in this population (please download the calculator presented in the form of Excel \[[@CR54]\]) although the calculation of the BSRS-5 total score for a cut-off point is seemingly easier to use.

This result is partly in line with that of a study also using the BSRS-5 which revealed that depression, inferiority, insomnia, and hostility were significantly related to the presence of SI in 969 hospitalized patients with general medical conditions in southern Taiwan \[[@CR24]\]. Different from that study, hostility was not associated with SI in the current study. This disparity in results between the former study and our study may be due in part to dissimilarities in following factors: (1) age group: not specifying detail information of age in the former vs. elderly adults in our study, (2) the prevalence of SI: 12.7% (123/969) vs. 3.1% (68/2199), and (3) the mean score of hostility: 0.74 vs. 0.65. The most remarkable evidence indicating the characteristics of SI in elderly inpatients which differed from other age groups, is that the former study proposed a parsimonious model using BSRS-5 total scores 12/13 as a cut-off point predictive of SI (PPV = 0.92 and NPV = 0.88). However, this cut-off point tested in our study was found to be a statistically insignificant model for predicting SI in elderly inpatients (PPV = 0.95, NPV =0.52, AUC = 0.55, *p* = 0.115). This finding indicates that physically ill elderly inpatients have unique features regarding SI, which may be distinctly different from those of other age groups. More studies exploring the age effect on SI among inpatients with medical and surgical conditions are needed in the future.

Strength and limitation {#Sec34}
-----------------------

To our knowledge, the strength of this study is that it is the first one recruiting a very large sample size of participants to explore SI, WTD, and QOL in physically ill elderly inpatients in East Asia. Second, a PSM was developed for more accurately predicting the presence of SI in this population. One possible limitation of this study is that the authors did not explore other factors related to the SI, such as the burden of physical illness, history of traumatic events, and substance misuse. Second, we only surveyed MTS-WTD in patients who had SI rather than all participants, and used univariate rather than multivariate analysis to explore the factors correlated to MTS-WTD owing to a small size of patients who had a MTS-WTD. Additionally, for establishing a predictive model, we did not have another large sample size of elderly inpatients as a validation group to retest the predictivity. Lastly, a very important limitation is that our study is cross-sectional; hence, causal inference between outcomes and risk factors should be made with caution.

In conclusion, in comparison with a traditional model using the BSRS-5 total score 5/6 as a cut-off point, we found that a propensity score model comprising three items of the BSRS-5, i.e., depression, insomnia, and inferiority are associated with the presence of SI among physically ill elderly inpatients. In addition to these three items, mobility in the WHOQOL-BREF is also correlated with SI. Approximately one-fourth of suicidal ideators had a MTS-WTD, which is associated with living alone, negative feelings, and feelings of not being accepted. WTD should be seen as a signal of a higher risk for subsequent suicidal behavior among those with SI. Careful appreciation of meanings and reasons for WTD for an individual is necessary to develop a mixture of effective therapeutic options for suicide prevention. To provide physical recovery and maintain mental health for physically ill elderly inpatients, setting up a multi-faceted approach targeting the aforementioned determinants of SI and WTD for reducing the risk of suicide attempts, and exploring other factors correlated with suicidal behaviors, are important topics and directions for clinical practice and further research.

BSRS-5

:   The 5-item brief symptom rating scale

BSSI

:   The Beck Scale for suicidal ideation

MMSE

:   The mini-mental state examination

MTS-WTD

:   Moderate to strong wish to die

PS

:   Propensity score

PSM

:   Propensity score model

QOL

:   Quality of life

QOL-ENV

:   The domain of environment of the Taiwanese version of World Health Organization Quality of Life-BREF

QOL-PHY

:   The domain of physical health of the Taiwanese version of World Health Organization Quality of Life-BREF

QOL-PSY

:   Psychological domain of the Taiwanese version of World Health Organization Quality of Life-BREF

QOL-SR

:   The domain of social relationships of the Taiwanese version of World Health Organization Quality of Life-BREF

SI

:   Suicidal ideation

WHOOQOL

:   The World Health Organization Quality of Life

WHOQOL-BREF TW

:   The Taiwanese version of World Health Organization Quality of Life-BREF

WTD

:   Wish to die
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